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By the fall of 1982 it was clear that a workshog on infrared
detector technology was needed to help in planning N SA's future

space astronomy missions. The infrared scientific commi aity
needed an opportunity to explore the status of this technology in
depth, in an open forum where there could be a good exctarge of
information and discussion.

The workshop was organized to be a review and discus:z »n of
all the astronomical infrared detector research supported DYy NASA
within the Office of Space Science and Applications (0SSt and the
Office of Aeronautics and Space Techiuology (0AST). The
tecnnologies of both discrete detectors and integrated detector
arrays were included. Additional presentations describing related
work and a review of the detector technology used in the highly
successful Infrared Astronomical Satellite (IRAS) mission were

given. The large attendance by the scientific community,

industry, and government ijs indicative that there is a great deal
of interest in this area, and that real progress has beea and 1is
being made.

The theme of the meeting was technology for low-background
space infrared astronomical applications. The speakers were
encouraged to comment on the extent to which the performance of
devices has actually been proven, and the availability and
relative maturity of detectors. In this regard, the presentation
on the detectors in use on IRAS, including their successes and
their limitations, served as a good starting point. _ °

At the close of the workshop, invited summary statements were
given by P. Richards, U. California, Berkeley, R. Capps, U.
Hawaii, and E. Young, U. Arizona. Among the points made was the
view that some very significant and encouraging progress had been
presented, in terms of improved sensitivity of detector systems,
and in jdentifying the usefulness of arrays. The summa .€8
emphasized that a great deal remains to be done, that continued
research is needed in“both the new and the more established
technologies if we are to capitalize fully on the capabilities of
telescopes in space. The Announcement of Opportunity for the
Shuttle Infrared Telescope Facility (STRPTF) has been released;
advances in detector technology &are r ;eded now to greatly enhance
the scientific return from this major astronomical facility of the
future. SIRTF and other future space opportunities present
tremendous technical challenges in advancing the capabilities of

~scientific instrumentation. Financial and intellectual resources,

and determination, need to be applied if we are to meet these
challenges. -

Craig R. McCreight Nancy W. Boggess
Ames Research Center NASA Headquart~rs
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A BRIEF REVIEW OF
THE TRAS DETECTO RS
BY

J. R. Houck
CorNELL UNTVERSITY

S1xTY-Two PHOTOCONDUCTIVE DETECTORS
wiTH Ton IMPLANTED CONTACTS

BAND o] 2 MATERIAL %g«ﬁ 3
1 12 6.07 S1:As 1x1.8 X .64
2 25 10.4 Sr:58 1 Xx1.8X%X.71
3 60 30.5 Ge:GA 1.5 X 1.5 X1
I 100 _33’.’6 Ge:6A 1,5 X 1,5 X 1,2

ALL OF THE DETECTORS OPERATE AT A COMMON FOCAL PLANE
(EMPERATURE OF 2.5 K. MORE OR LESS CONVENTIONAL TIA
AMPLIFIERS WITH colD (v60 K) JFET STAGES IN THE FOCAL

PLANE ASSEMBLY ARE USED.

-1
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PROBLEMS .

1. NoNLINEAR - DETECTOR AND/OR R,
2. loN1ZING RapIATION SPIKES

3. SPONTANEOUS SPIKES

4. Memory, Hook, Two Time CONSTANT EFFECTS

5. NoNUNIFORM ILLUMINATION

6. ELECTRONIC Prckup




NONLINEAR

RESPONSE

NoTE:

1.

R 'S MAY BE VOLTAGE DEPENDENT.

R (AC) # Ry (DO)

IN CAPACITIVE SYSTEMS TH

VOLTAGE DEPENDENT.

E STORAGE CAPACITOR MAY RE

SPECTALLY SELECTED AND CALIBRATED LOAD RESISTORS ARE

useD IN IRAS.

1-5



ONIZING RAD] ATION

1. Protons (240 MEv) In SAA

2. ELECTRONS (vFEW MeV) In PoLAR Horns

SPIKES
VERY FAST RISE TIME (SLEW-RATE LIMITED)
SLOW FALL TIME (RC LiMITED)

CAN BE 10's oF mv To VorTs HIGH

RESPONSIVITY EFFECT

L. THe ResponstviTY INCREASES WITH EXPOSURE
2. THe RESPONSIVITY FALLS EXPONENTIALLY AFTER

3. ANNEALED BY BIAS B0OST (oR HEATING)

EXPOSURE
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SPONT ANEOUS SPIKES

FAST SPIKES ASSOCIATED WITH SOME FORM OF INTER"/

MICONDUCT-

BREAKDOWN (SEE LITERATURE ON UNIPOLAR SE

ING DEVICES).

UsuUALLY ASSOCIATED WITH CHANGING SIGNAL POWER.

1-9



MEMORY, HooK,, .

/\/ SPONTANEOUS SPIKES

HOOK

—> TIME

THE LEADING TIP OR HOOK MAY BE LARGER OR SMALLER

THAN THE EVENTUAL HEIGHT,

MosT OFTEN SEEN WHEN SIGNAL INCREASES FROM A Low

LEVEL TO A HIGHER ONE,

NOTE: BoTH SPONTANEOUS SPIKES AND MEMORY EFFECTS
ARE STRONGLY CORRELATED WITH BIAS., THESE
EFFECTS CAN BE REDUCED BY LOWERING THE BIAS
WITH A RESULTANT (PERHAPS LARGE) LOSS IN
PHOTOCONDUCTIVE GAIN BUT NOT QUANTUM
EFFICIENCY.
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"electricai contacts to Ge:Ga chips. This method results in a high yield

of small monolithic bolometers with very little lTow-frequency noise. When

one of these chips is used as the thermometric element of a composite
“bolometer, it must be bonded to a dielectric substrate. The thermal resistance
of the conventional e€poxy bond has been measured and found to be undesirably
large. A procedure for soldering the chip to a metalized portion of the
substrate is described which reduced this resistance. The contribution of the
metal film absorber to the heat capacity of a composite bolometer has been
measured. The heat capacity of a NiCr absorber at 1.3K can dominate the
bolometer performaﬁce. A Bi absorber has sfgnificant]y lower heat capacity.

A Tow-temperature blackbody calibrator has been built to measure the optical
responsivity of bolometers. A composite bolometer system with a throughput

of 0.1 sr cm2 has been constructed using our new techniques. 1In negligible

% background it has an optica]‘NEP of 3.6 10”13 WVHzZ at 1.0K with a time
constant of 20 ms. The noise in this bolometer is white above 2.5 Hz and is
somewhat below the Qafue predicted by thermodynamic equilibrium theory. It

is in agreement with calculations based on a recent nonequilibrium theory.

Introduction

of mid- and far-infrared radiation. They have high sensitivity, are easy to
use, and are adaptable to é wide variety of experimental conditions. The
bo]ometefs construcied at Berkeley use germanium doped with gallium (Ge:Ga)
and compensated with unknown'shallow donors as the thermometric element. In

applications where a large throughput is desired a composite structure is used.
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The thermometric element is glued to a sapphire substrate with an absorbing
metal film on one side [1]. This provides a large increase in absorbing
area with only a modest increase in heat capacity. The surface resistance
of the metal film is chosen to be ~190 @/0. Theory predicts that radiation
incident from the sapphire side of the sapphire-metal interface should be
absorbed with 50% efficiency, independent of frequency. This behavior has
been verified experimentally [21. 4
. -15 He temperature

Electrical NEPs as low as 3-10 W/ v Az have been reported for bolometers
constructed in this manner [1]. However, there have been circumstances under
which the performance of these bolometers has fallen far short of expectations.
Excess, current dependent noise, thought to be associated with the contacts to
the Ge thermometer, often dominates fundamentaI noise sources, especially at
low frequencies. In addition, the optical efficiency of the composite
bolometers occasionally appeared to be much less than the predicted 50%. The
absorptivity of the metal film itself has been questioned, as well as the
thermal conductivity of the epoxy bond between the sapphire substrate and the
Ge thermometer. Although little has been published, these concerns about
composite bolometers have been widely circulated and believed in the infrared
community.

We have investigated and resolved each of these jssues. In this paper,
we describe new techniques for constructing composite bolometers that greatly
reduce the excess noise and improve the thermal link between the thermometer
and the substrate. The optical efficiency of the bolometer system has been
measured directly using 2 low temperature blackbody source, and agrees with
predicted values. The presence of small amounts of helium exchange gas has
been identified as a likely cause of poor performance of some bolometer
systems. Bolometers produced using our new techniques consistently approach

the ideal limits of performance.
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Bolometer Noise -
— e Ler Noise

indium and a flux containing Zinc-chloride. Similar techniques have been
traditiona11y used by others to»produce both monolithic and composite
bolometers [3]. our bolometers produced by this method exhibit a contact
noise of the form Vﬁ = N12R2/w where N is a dimensionless number 510']]; I
s the bolometer Current, and R its resistance.

In order to appreciate the effect of this noijse source on the bolometer's
performance, we examine the expression for the electrical noise equivalent
power (NEPE). The NEPE is the product of the optical NEP and the optical

absorptivity e. It is the amount of power which must be absorbed in the

coupling to the bolometer. The NEPE for a bolometer operating at temperature

T with voltage responsivity S can be written [4] in the form:

4T R 2,2
. LL( R )Z+NIR

2 _ 2 4kTR
(NEPE) = 2kTBePB + 4kT°G + 7 RL TR msz

S S

+ (amplifier noise terms) (1)

These contributions to the NEPE are, respectively, the fluctuations in the

background power PB from a Rayleigh-Jeans source at temperature TB >T,
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phonon noise arising from fiuctuations in the transport of energy through
the thermal conductance G, Johnson noise in the thermometer resistance R,
and load resistance RL’ and the excess noise term. A bolometer for which
the first term in (1) dominates the NEP can be referred to as ideal,
because further jmprovements in the bolometer's performance would not yield
a higher signal to noise ratio.

Figure 1 shows the contribution to the NEPE due to background fluctuations,
and also the contribution due to all other terms in Eq. (1) as 2 function of
background toading in the 1imit of wave statistics. The curves were
calculated [1] using parameters typical of a composite bolometer operated
at 1.2K. The solid curves include the excess noise term with N = 10']1,
while the dashed curves are plotted for N = 0. As the curves show, the
excess noise dominates the NEPE for all values of PB’ jts relative contribution
becoming larger as PB ihcreases. This is because the optimized values of G

and 1 scale as Pp and PB!E respectively, while the responsivity scales

bias

as S« I/G<rPB'%. Thus , the phonon and Johnson noise scale as PB!i while the

excess noise scales as PB.'

Ion-Implanted Contacts

In an effort to jncrease the yield of bolometers that will perform well,
particu1ar1y at high backgrounds, we have investigated the use of jon-implanted
electrical contacts to the germanium chips. A process involving the implanta-
tion of boron ions has been shown to produce 1ow noise contacts on Ge:Ga
photoconductors [5]. Related techniques have been used to implant low noise
thermometers in silicon bolometers [6]. We have applied the boron implanta-
tion techniques to the production of Ge:Ga thermometers and have obtained a
high yield of thermometers which have very little current noise, even at high

pias currents and low frequencies.
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Fig. 1. Calculated contributions to the electrical NEPE of a composite
bolometer which has been optimized for varying amounts of absorbed
Rayleigh-Jeans background power. The straight line is the background
fluctuation contribution, and the curved Tineg are the contributions
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A typical cqntact fabrication procedure begins with a 330 pm thick
slice from a boule of Ge:Ga which has long been used at Berkeley for He4
temperature bolometers. Boron ion implantation is used to produce a thin,
degenerately doped p+-1ayer on both sides of the Ge:Ga slice. Both faces
of the slice are lapped with 1900 mesh aluminum slurry, and then etched in
a 4:1 HN03:HF mixture for one minute. The etching process is rapidly stopped
by quenching with a large quantity of electronic grade methanol. Rinsing
with methanol, soaking in 1% HF in HZO for five minutes to remove oxides,
and blowing dry with a nitrogen jet completes the pre—imp]antation steps.
The two surfaces to be implanted are now shiny and free of damage. The
implantation schedule consisted of two implants for each surface. Singly
jonized boron ions with energies of 25 keV and 50 keV are implanted in
random orientation with doses of 10]4 cm'z'and 2 X 10]4 cm'2 respectively.
A simple annealing cycle in a nitrogen atmosphere(heating from room
temperature to 250°C in a few minutes, holding at this temperature for 30
to 60 min. and cooling to room temperature slowly over more than 30 min.)
activates more than 90 percent of the boron atoms. Etching of the two
implanted surfaces with 5% NaOCl1 in H20 for five seconds is followed by
sputtering of a 400A thick Ti and then an 8000A Au layer on each contact
face. The metal layers are annealed at 200°C for one-ha]f hour in a
nitrogen atmosphere to reduce the built-in stress.

The implanted and metalized slice of gennaniuh js cut into cubic chips
using a wire saw. The chips are etched in 5:1 (HN03:HF). The progress of
the etching can be observed by watching the metalized side of the chip
through a low power microscope. As germanium is removed, the free-standing
gold-titanium film bends toward the gold side to re1i£3§}?gierna1 stress.

Thus, the point of attack of the etch at the germanium-titanium interface

2-7



is clearly defined., No significant undercutting of the metal film has
been observed. Even starting with a roughly cut chip, a polished germanium
surface is produced very quickly. Etching is terminated by quenching with
electronic grade methanol. After rinsing several times with methanol, the
chip is left to dry on a filter Paper. In the next step the free-standing
CAu-Ti film is removed by Pressing gently with a wooden stick along the sharp
edges of the Ge chip. A neat and easy separation of the metal film from the
edge of the chip is achieved this way. Finally, bolometer wires are soldered
to the gold surfaces with indium, using a resin flyx obtained from the core
of commercial solder.

Composite bolometers with contacts made in this way were tested in a

dark Cavity, at a bath temperature of 1.0K. . The noise was measured by a

intervals and computed the Spectral amplitude of the noise voltage.
Fig. 2 shows noise spectra of a high background (Pr= 100 nw) composite

bolometer for j variety of bijas currents. The sharp features are due to

(the second and third terms in Eq. 1) have been calculated at each of the

bias currents and are indicated by dashed lines. With the exception of the
mechanical résonances, there is little Or no excess noise above 3 Hz. Below

3 Hz, the excess noise rises steeply, no longer obeying the simple form
Vﬁ:xIZRZ w- At 2 Hz it is still an order of magnitude less than that reported
by Nishioka et al. Similar results for a Jow background bolometer with

essentially no microbhonic noise are shown in Fig. 7.
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Fig. 2. Noise spectra of a high background composite bolometer yith

jon-implanted contacts. The sharp spikes are due to mechanical resonances

in the bolometer and its leads. The dashed lines jndicate the estimated
- ak126]s|2 + 4KTR. This white noise level decreases

fundamental noise Vﬁ
with increasing bias current in the way o .pected from the decreasing bolometer

impedance. Current-dependent excess noise is apparent, rising steeply

below 3 Hz.
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Previous methods of bolometer construction employed an epoxy bond. The
relatively high heat capacity of epoxy limits the amount that can be used

in making such bonds to m]0-7 cm3. Occasional discrepancies between
calculated electrical responsivities and measured optical responsivities
suggested that the thermal 1ink provided by the €poxy was not always adequate
and could be effectively shorted by the presence of very small amounts of

exchange gas in the bolometer cavity. .

thermometer and the sapphire Substrate, we constructed a composite bolometer
with two germaniym thermometers attached with €poxy in the usual way [7] as

is shown in Fig. 3(a). Fach thermometer had one 50 um copper lead with high
thermal conductivity and one 25 um manganin lead with low thermal conductivity.
Attached to one of;the high conductivity 1eéds was a heater through which we
could introduce a known amount of power. By measuring the temperature
difference between the two thermometers as power flowed from one, through

the sapphire, and into the other, we found the thermal conductance of the

two Ge—epoxy-sapphire interféces. For a typical bond made with ~3 - 10'7 cc

of Stycast epoxy [7], with a heat capacity of 2. 719°10 13 J/K, we measured

a thermal conductanée 6f G =1 -]0—6 T3 W/K. This is considerably smaller
than one would expect from the bulk properties of the material, but ijs
consistent with measurements of the thermal boundary resistance across
metal-dielectric interfaces [8]. For high background bolometers, Qhere the
conductance between the thermometer and the heat sink is typically G’b]O's W/K,
the Tow conductance of the epoxy bond leads to increased time constants or,

if small quantities of exchange gas are present, disérepancies between calcuy-

lated electrical and measured optical responsivities, as is T1lustrated in

The new method of construction, shown in Fig, 5, eliminates the use of

epoxy altogether., A small area of the substrate is first coated with
2-10



11
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(a) | | (b)

Fig. 3. Configurations used to measure the thermal conductance Gy of the
bond between the thermometer and the substrate of a composite bolr ieter,
(a) with epoxy bond,. and (b) with solder bond. Low thermal conductance
manganin leads are shown as thin lines, high conductance COpp~" leads as
thick lines.
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~100A of chromium followed by 10004 of gold. The germanium chip is
indium soldered dfrect]y to the gold film. 4 small flake of indium is
pressed onto the gold film and the Ge chip is placed on top. The entire
substrate is then heated briefly by an electrical strip heater with a
short (~ 0.5 s) time constant. A small amount of Pressure applied to the
Ge chip during heating results in a thin, uniform contact between the chip
and substrate. Leads are then indium soldered using resin flux to the
exposed contact on the Ge chip and to the gold film to complete the
electrical circuit. The coﬁtro]]ed temperatures and the short duration of
heating used result in contacts which are mechanically sturdy and
consistently Tow in noise.
The thermal conductance of the indium bond between thermometer and
sapphire was measured using the same technique described above. For a
bond made with ~3 -10'7 cm3 of indium, with g heat capacity of 4. IO'HT3 J/K,
W/K. The solder bond

the thermal resistance was measured to be G = 2 '10'5 T

of magnitude.

Absorbing Element

Composite bolometers produced previously in Berkeley used a bismuth

film of about 200@/0 as an absorbing layer on the sapphire substrates.

film. The evaporated bismuth film is rather fragile. It was necessary to
do the evaporation as the last step in the bolometer fabrication in order
to avoid damage to the film. Also, some workers havé reported that bismuth
undergoes slow chemical changes on exposure to the atmosphere.
Because of tﬁese disadvéntages, we have investigated the use of nichrome

as the material for the absorbing film. An extensive literature exists which
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describes the use of this material for thin film resistors [9]. We adopted
a deposition technique which involves the sublimation of the alloy from the
solid state [10]. A 1.3 mm diameter nichrome wire (80:20 Ni:Cr) was bent into
a circle and was suspended in a horizontal plane. The distance from the
circle to the base plate was equal to its radius. This ring source geometry,
which is described by Holland [11], produces a uniform deposition on substrates
placed on the base plate within the nichrome ring. The nichrome ring was
heated by current to just below the temperature at which it began to sag.
Due to the higher evaporation rate of chromium, it is necessary to age the
source for a few hours until equilibrium is reached between the preferential
evaporation of chromium from the surface and the diffusion of chromium from
deeper layers [12]. After aging the nichrome wire once, it can be used for
many depositions. Once equilibrium is reached, the alloy should be deposited
with the original composition which was 80:20 Ni:Cr. Sublimation downward
from the ring-source has the advantages of coating many substrates in one
operation and avoiding the problem of supporting the very thin substrates in
a downward-looking configurétion. The substrates were placed on a glass
cloth to thermally insulate them from the base-plate so that their temperature
rose during coating, as is recommended .for nichrome [12]. Finally, the films
were heated in air at 300 C for 3 hours to improve adhesion [13]. Resistances
values around 2009/0 were obtained without difficulty in about five minutes of
evaporation. The resistance decreased by ~4 percent when the £ilm was cooled
to 1.2K. Changes of this magnitude are not important for the optical properties
of the film [2].

The nichrome films are mechanically very tough and may, therefore, be
preferable to bismuth films in many applications. The films that we have
prepared, however, show an undesirably large heat capacity. A nichrome film

with an area of 4 mm2 and a surface resistance of 2009/0 was measured to have
2-15
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a heat capacity of 3 '10'9 J/K at 1.3K. This is twice that of the rest of
the bolometer, and thus seriously compromises the bolometers performance in
the Tow-background 1imit. A bismuth film of the same area and surface
resistance has a heat capacity of 3. 10']0 J/K, an order of magnitude less
than the nichrome film.

Because of its low heat capacity, we continue to use bismuth films in
our low-background (FH§3 '10'8 W) bolometers. Resistance measurements on
bismuth films stored in air for several years have not revealed any sign of
deterioration. We have found, however, that composite bolometers which
undergo a bismuth evaporation as the last step in the construction process
consistently show a marked increase in low-frequency noise. Although the
thermometric element is in the shadow of the sapphire substrate during the
evaporation, we spécu]ate that a very thin iayer of bismuth forms an alternate
conduction path on the surface of the Ga:Ge chip. Because of the increase in
noise associated with the bismuth evaporation, we now attach the Ga:Ge
thermometer to the sapphire substrate after the absorbing film has been

deposited.

Optical Efficiency -

A blackbody calibrator was constructed to directly measure the optical
respons1v1ty of our bolometers and thus to determine their optical efficiency.
This calibrator, shown in Fig. 6, uses a blackbody cavity formed by casting
an infrared absorbing épbxy [7] in a copper form. A heater and a calibrated
thermometer are mounted on the copper form with the same epoxy. In order to
minimize the size of the blackbody required to fill the aperture of the
detector optics, the exit to the blackbody is a Winston light concentrator
[14] with an aperture of f/1.5. This whole structure is separated from the

bolometer vacuum by a 50 um thick Mylar window. The bolometer itself is fed

2-16



(2 K
Helium Bath
iu 7
7 Z
~ Bath—.t ] o~—Bath
Heater ]  Thermometer
d
Blackbody—T . E‘Blockbody
Thermometer [ Ny} [ Heater
/ ]
/ | [T—Stycast
. ; 1 Blackbody
- A 1 .
Blockbody—_{ ‘W’
Winston Cone [/ /;/Mylor Window
%
]
V| A

e

7

Bolometer—|
Winston Cone

N\
N
.7
227
\

S AN Bolometer
N

PRV AARMGLLIAAN

gII IO IO IIIIIIIIIIL

Fig. 6. Low temperature blackbody calibrator used to measure the
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by a Winston light cone with an aperture of f/2. A1l rays entering the
acceptance angle of the lower Winston cone come from inside the acceptance
angle of the upper cone, and thus from the blackbody. The Winston
concentrator closest to the bolometer determines the throughput of the
system. The calibrator thus measures the total efficiency of the bolometer
system, including the transmission of the window, the Tower Winston
concentrator, the absorbing film on the bolometer, and the cavity surrounding
the bolometer.

In order to compare the optical power absorbed by the bolometer with
the power expected from the blackbody, we must measure the bolometer's
electrical responsivity. The conventional procedure is to compute this
quantity from the measured I-V curve. This procedure is not reliable if
the I-V curve contains significant non]ineafity at fixed temperature due to
non-ohmic contacts. To avoid this problem, we attached Tow thermal
conductance leads to the meta] absorbing film of a composite bolometer so
that a known quantity of power could be dissipated in a way that closely
mimics the absorption of optfca] power. With our bolometers, the two methods
agree within 20 percent. This effect of non-ohmic contacts has been
important in the paét, but it does not appear to be important with our new
ion-implanted contacts.

The measurement procedure involved choosing a bias current for the
bolometer and measuring the DC responsivity using the metal absorbfng film
to heat the substrate. The blackbody heater was then turned on and the
system was allowed to come to equilibrium. The blackbody temperature, the
bolometer voltage, and the bath temperature were recorded when equilibrium
was reached. A rise in the bath temperature of order 0.1K typically
occurred due to power dissipation in the blackbody heater. Power to the
blackbody was removed and a heater in the bath was then adjusted until the

bath was at the temperature previously measured with the blackbody hot. The
' 2-18
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power absorbed by the bolometer was computed from the difference in
bolometer voltage divided by the responsivity measured with the metal film
heater.

The total optical power expected to reach the bolometer was calculated
by multiplying the spectral intensity of the blackbody radiation by the
previously measured transmission of the cold Mylar window, and integrating
to find the total flux. The bolometer system efficiency is then just the
ratio of the power absorbed to this expected power.

A bolometer on which the metal film was painted with Nextel Velvet
Black paint [15] was mounted with the painted surface facing the Winston
concentrator and tested as described above. The optical efficiency of the
bolometer system measured with a variety of blackbody temperatures between
25K and 45K was foﬁnd to be 70+ 5 percent. The paint was then removed and
the bolometer was remounted with the metal fi]mwfacing away from the
entering radiation. The optical efficiency of this system was measured to
be 44 +4 percent.

The integrating cavity éround the bolometer had larger than normal
openings to accommodate the extra leads attached to the absorbing film.
Because of this, the efficiency of the cavity used in these experiments
was less than could normally be achieved. The measured efficiencies are
thus somewhat less than the best that can be expected from an optimized
cavity.

These measurements also point out the efficacy of black paint as an
absorber in the 50 eV to 100 en” ! frequency range. Unfortunately, its
heat capacity slows the response time of the bolometer to the extent that

it cannot be used to obtain high sensitivity, Jow background bolometers.
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Summarx

The dominant source of excess noise in our germanium bolometers is
connected with the contacts to the Ge and can be greatly reduced by the
use of ion-implanted contacts.

The large absorbing area of composite bolometers makes them
exceptionally vulnerable to He exchange gas. Pressures as 1ow as 10'5 -
Torr measured at 295K begin to degrade the performance of our low-
background bolometers. Fof this reason, the use of a charcoal pump in the
bolometer vacuum space is highly recommended. If the thermal link between
the substrate and the thermometer is not good, the presence of exchange gas
will not affect the electrical responsivity, but will degrade the optical
efficiency. Our new method of construction improves the thermal Tink
between substrate and thermometer by over an order of magnitude, while
contributing one order of magnitude less heat capacity than on the epoxy
bond previously used.

Using these new techniques, wé have been able to significantly
improve the performance of Tow-background bolometers. Table I lists the
design and performance parameters for a well characterized low-background
bolometer. The noise spectrum for this bolometer at its optimum bias point
is shown in Fig. 7. The electrical NEP is 1.6 0.3 x 10-15 W/ VFZ, for
modulation frequencies as low as 2 Hz. The calculated value for the
electrical NEP given by the Johnson and phonon terms in Eq. (1) is
2.1 x 10_15 W/VHz. A more detailed analysis of bolometer noise has been
given by Mather [16] which takes into account the electrotherma] feedback in
the bolometer and the distributed nature of the thermal link to the heat

sink. These effects lead to reductions in the Johnson and phonon noise,
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Fig. 7. Noise spectrum of a low-background composite bolometer at its
optimum bias point. The dashed line indizates the noise level ‘

Vﬁ = llkTZGIS[2 + 4kTR expected from thermal equilibrium bolometer theory.
The solid line indicates the noise level predicted by a non-equilibrium
treatment of bolometer noise. The detailed characteristics of the bolometer

are listed in Table I.
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TABLE 1

Characteristics of a Low-Background Composite Bolometer

Estimated Heat Capacities

0.4 x 0.4 x .0025 cm sapphire: 1.6 x 10710 3 ¢
0.025 x 0.025 x 0.3 cm Ga: Ge: . 0.7 x 10710 3 5 i
1 x 1078 en3 1n so1der: 1.2 x 10710 13 5/
0.4 x 0.4 x 1075 cm Bi fiin: 2.5 x 10710 7 gk
2 x 1077 and Ay fitm: 0.3 x 10710 7 gk
0.6 cm x .00125 cm brass Teads: 0.9 x 10710 T J/K

(3-5 77+ 3.7 T)x 10710 g

Bolometer resistance: R(T) = 616 e9.43/T

Load resistance: - 'RL =1 x 107 f

Temperature of heat sink and load resistor 0.97K

Bolometer temperature _ ' 1.00K

Thermal conductance to heat sink 3.1 x 1078 (W/K)
Bias current ' 1.0 x 1078 4
Measured electrical responsivity ' 1.3 x 107 V/W
Calculated NEPE fhonequilibrium theory) 1.7 x 10713 W/ VAz
Measured NEP 1.6 x 1071° W/ vAzZ
Calculated time constant 17 ms

Measured time constant 20 ms
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respectively. Applying these results to our bolometer yields a
prediction of NEPE = 1.7 x 10']5, in close agreement with our measured
value of NEPE.

Combining the measured value of electrical NEP with the mea-ured
value for the optical efficiency, we find the optical NEP for this

bolometer system, including concentrator and cavity, to be

3.6 x 10°1° W/ VTz.
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Abstract

A systematic study has been carried out of the properties of Ge:Ga photoconductive
infrared detectors for wavelengths =100 um. The detectors investigated were made
from Ge:Ga with acceptor concentration NA N2 X 10]4 cm—3 with both low compensation
(10-2) and ultralow compensation (10'4). Noise measurements have been made as a
function of background photon rate, bias voltage, and chopping frequency. Detective
quantum efficiencies approaching unity have been observed over a wide range of
experimental parameters. Photocurrent has been neasured as a function of voltage and
temperature. Hall mobility and lifetime have been measured to determine their effect

on detector properties. A small potential drop has been observed in nominally ohmic

contacts produced by implantation of B ions.



Introduction
Photoconductiye detectors made from Ge:Ga are the most sensitive available
infrared detectors for Tow background measurements at wavelengths from the 50 um
limit of Ge:Be] to the 115 um edge of Ge:Ga. With the application of uniaxial stress .
the response of Ge:Ga can be extended to 230 pm.2’3 In this paper we present the
preliminary results of an extensive optimization Study of Ge:Ga detectors for the
50-115 um range. The availability of techniques for producing purely doped Ge with
ultralow compensation has made possible the Study of photoconductive response over a
wide range of COompensation ratios. Fdr this study we selected two materials. Our
Tow compensation-material was originally produced to make Li-drifted Ge detectors of
iontzing radiation. It had a Ga acceptor concentration NA = 2.1 x 1014 cm'3 and a
concentration of sha]]o& donors of ND =2 x 1012'cm°3. Our ultralow compensation
material had Ny = 2.0 x 1014 em™3 and Np =2 x 1010 em3, These values were deter-
mined from measurements of Hall effect and resistivity as functions of temperature.
Detectors with dimensions of T x 1 x 3 mm were cut from each material. Electrical

contacts were made on opposing 1 x 3 mm faces by boron ion implantation of a

degenerate p* layer followed by sputter metalization as has been described pre-

2 The detectors were mounted in integrating cavities with 1 mm diameter

apertures.2

viously.

Experimental Techniques

The apparatus shown in Fig. 1 wag devised to permit measurements of detector
response to a calibrated small signal flux with a variety of modulation frequencies
in the presence of a calibrated §teady background flux. In order to avoid the use
of multiple neutra]-densify filters or small apertures whicb require diffraction
corrections, the apparatus utilizes a cold blackbody source whose temperature can be
varied from 10 to 100 K. This source is located in a light-tight, LHe temperature,
evacuated Cu box which is divided into three chambers with blackened walls, The
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cold blackbody source and a 150 Hz tuning fork chopper are located in the left hand
chamber. The exit aperture to the left hand chamber is fitted with a cold,
light-tight shutter. The detector in its integrating cavity is located in the right
hand chamber along with a high impedance load resistor and a MOSFET preamplifier
used for the initial detector tests. Later tests were made with a JFET amplifier
held at 80 K on a standoff outside of the Cu box. Each of these transistors

functioned as the first stage source-follower in a conventional transimpedance

s 4
amplifier.” The throughput reaching the detector from the internal blackbody is

-5 2 . .
1.15 x-]O sr cm-. It is defined by the exit aperture of the left hand chamber and

by the entrance to the_detector integrating cavity. The purpose of the entrance
aperture to the right hand chamber is to minimize stray light.

The spectral response of each detector was measured relative to that of a Golay
detector by using a Fourier_transfofm spectrometer. This spectral response was

measured at the same detector temperature (3 K) used in the sensitivity measurements.

It was found to be insensitive to photon flux in the range of interest. The rate N at
which photons in the detected spectral range enter the detector cavity was computed
by integrating the product of the Planck curve from the internal blackbody and the
measured spectral response of the detector. This allowed an absolute calibration of
the detector responsivity which is not as well characterized as would be the case
with a narrow band filter, but should be adequate to determine the detective quantum

efficiency within a factor 2.

In many of our measurements, the internal blackbody provided a continuously
variable photon background. The internal chopper was removed, and the throughput
increased to 4 x 10-5 sr cm. A signal with variable chopp1ng frequency was intro-
duced into the central chamber from an external source as is shown in Fig. 1.
Multiple reflections from the black walls provided strong attenuation and Tow-
frequency-pass f11ter1ng before the radiation reached the detector. The chopped
signal photon rate from the externa1 source within the detected spectra1 range was
determined to be N n,108 -1 by comparison with signals from the cold blackgody.
The response of the detector to this chopped signal was measured as a function of
background and used to refer the detector output noise to the detector input.
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Noise Measurements

The primary goal of our measurements was to determine whether photon noise
limited operation could be obtained over a wide range of backgrounds. The results
are shown in the form of plots of noise equivalent photon rate NE& versus photon
rate for the Tow compensation detector in Figs. 2 and 3, and for the ultralow
compensation detector in Figs. 4 and 5. The photon noise limit computed for an
ideal photoconductor with responsive quantum efficiency equal to unity is shown on

each plot. For the smaller values of &, this curve is obtained from

NEN = 2V N (1)

A small correction for wave statistics (Bose facfor) is included at the largest
values of N. The values of N are calculated from the measured DC current using the
initial absolute calibration of detector responsivity.

In Fig. 2 we show how the NEN at 100 Hz varies with detector bias for the low
cohpensation detector operated at 3 K. This temperature was chosen for all detector
performance measurements because it is cold enough that thermally generated carriers
make no significant'contfib&tion to detector current or noise, even at the lowest
backgrounds. For low bias, the detector is photon noise limited for large N, but
amplifier noise limited for small N. At high bias it is photon noise limited for
small N, but shows excess noise at large N. When viewed in the time dohain, this
excess noise has the form of current spikes whose Huration is set by the response
time of the amplifier. Our measured values of NEN were obtained by Fourier trans-
formation of digitized dgtector outht, so are relevant to measurements of steady
signals. For this case the optimum bias is clearly V ~ 200 mV.

) In Fig. 3 we show the noise in this detector with V = 200 mV as a function of

modulation frequency. Within our experimental accuracy this detector is photon
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noise (BLIP) limited at all modulation frequencies over the entire rangeé
ax 107 < <6x100s7.

In Fig. 4 we show how the NE& at 200 Hz varies with detector bias for the
ultralow compensation detector operated at 3 K. Amplifier noise has a small effect
only at the very lowest values of N and bias voltage. As is the case for the data
from the low compensation detector shown in Fig. 2, excess noise in the form of
current spikes appears for the highest bias at high values of N. Unlike Fig. 2,
however, excess noise also occurs for low bias and large N. A possible cause for
this phenomenon will be discussed below.

In Fig. 5 we show the noise in the ultralow compensation detector with
V = 40 mV as a function of modulation frequency. Reference to Fig. 4 shows that the
values of detective quantum efficiency would have been significantly better for
V = 60 mV. There is a systematic variation of NEN with frequency which may be
related to the dielectric relaxation phenomenon which rolls off the photoconductive
gain at high frequencies in low backgrounds.5 Related effects are visible in the

data in Fig. 3, but are much less pronounced, perhaps because the DC photoconductive

gain is lower in this case.

Measurements of Photocurrent

Measurements of DC photocurrent as a function of bias voltage and temperature
are shown in Fig. 6 for a photon rate of & '»1010 s'1 in the detected spectral
range. The data for the low compensation detector at the left show a linear (ohmic)
region, a superlinear region, a_brief decrease in slope and then very large slope as
V is increased. Optimum noise performance (for 3 K) was obtained at 200 mV, just
below the voltage at whiﬁh carrier mh]tiptication takes place by impact jonization
of neutral impurity sites. At this voltage the DC responsivity was 60 A/W

cdrresponding to a product of photoconductive gain and responsive quantum

efficiency Gn = 0.8.



show several unusual features. The temperature dependence is larger than for the

Tow compensation Case and the Tow bias, low temperature region is nonlinear. The
photocurrent for given bias voltage is 30 to 100 times larger than for the low
tompensation case in the most useful range of voltage and temperature. A bias of
only 40 mV provided the optimum noise performance at Jow backgrounds, but was a
little below the optimum at higher backgrounds. At this voltage the DC responsivity
was 140 A/W torresponding to Gn = 1.8. This factor 2 improvement in G for the
ultralow compensation detector should be useful at Tow backgrounds where amplifier
noise is important. For both types of detectors the chopped responsivity is usually
less than the DC responsivity due to dielectric relaxation rolloff, and the dif-

ference between the two detectors is smaller than in the DC case.

Hall Measurements
—<° ' Teasurements
For a photoconductive detectqr with responsive quantum efficiency n, mobility .,

carrier lifetime T, and length (between electrodes) ¢, the photocurrent

I-= n&eG = n’\}epTV/.Q,Z. (2)

of both materials as a function of temperature and voltage. If we neglect the weak
magnetic field dependence, the measured Hall mobility can be used ds an estimate of
the drift mobility w(V,T) in Eq. (1). The temperature dependence of the Hall
mobility was Mmeasured over the temperature range 2 < T < 300 K and found to be in
excellent agreement with the results of theories of Scattering due to phonons,
ionized impurities, and neutral imburities.6 We found6 that u is essentially
constant at 5 x ]Osicme v 71 for the Tow compensation material and
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1 x 10° e v-1 s~1 for the ultralow compensation material over the important ranges

of V and T for detector operation.

Since the mobility is essentially constant, most of the nonlinearity of the I-v
curves in Fig. 6 must come from voltage dependence of the carrier lifetime which,
for constant N, is proportional to carrier density. Lifetimes deduced from the Hall
measurements are shown in Fig. 7, for both materials. The lifetimes have large
dependences on both temperature and electric field which will be discussed in detail
in a later pub'lication.6 The lifetime is a factor ~50 Jonger for the ultralow
compensation material because of the relative absence of recombination sites in that

material.

Contact Potential

The ultralow compensation detector shqwed excess noise and nonlinearity in its
I-V curve at small bias voltages. These unexpected features deserve further comment.
During the Hall effect measurements, six ion-implanted contacts for current and
potential leads were made to the sample, in the classic Hall geometry. They alloved
the observation of an excess voltage drop of a few millivolts near the injecting
contact on the ultralow compensation material which increased with decreasing tempera-
ture. Such an effect is expected even for jdeal degenerately doped p* contacts.
Close to equilibrium the fermi energy in the p* region is equal to that in the bulk
material, and so is 7-10 meV above the valence band of the bulk materiai. Conse-
quently there is a barrier to hole injection from the contact which is > kT at
T =2 K. Thermionic emission is not able to supply the required current unless the
barrier is lowered, and a potential drop of a few mi]]ivoits develops. This effect
should also be present in the Tow compensgfion material, but is a smaller fraction of
the applied voltage beéause of the smaller mobility and much shorter lifetime. It
seems likely that the nonlinearity of the ultralow compensation detector at low

3-7



temperatures and very small voltages is related to this potential barrier. It also
appears that the excess noise in this detector may be related to this contact barrier

and to the very high photoconductive gain which makes this detector attractive.
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Figure Captions

1. Apparatus used for detector tests.

2. Noise as a function of photon rate with bias voltage as a parameter for the low
compensation detector. The modulation frequency was 100 Hz and the temperature
was 3 K.

3. Noise as a function of photon rate with modulation frequency as a parameter for
the low compensation detector. The bias voltage was 200 mV and the temperature
was 3 K.

4. Noise as a function of photon rate with bias voltage as a parameter for the
ultralow compensation detector. The modulation frequency was 200 Hz and the
temperature was 3 K. ‘

5. Noise as a function of photon rate with modulation frequency as a parameter for
the ultralow compensation detector. The bias voltage was 40 mV and the
temperature was 3 K.

6. Current-voltage curves for the low compensation detector (1eft) and the ultralow
compensation detector (right).

7. Curves of hole density (which is proportional to hole lifetime t)

for the low and ultralow compensation detectors. Most of the nonlinearity of
the detector I-V curves arises from the field and temperature dependence of .
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RELATIVE PHOTOCONDUCTIVE RESPONSE

WAVE LENGTH (um)

100 50 40 30 25 20
T T T T T '
Ge:Ga Ge:Be Si:B
1 1 ' 1 1
100. 200 300 400 500

WAVE NUMBERS (cm-1)

Ge:Be photoconductors can be
optimized for the 30 to 50 Jm

wavelength range
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Ge:Be CRYSTAL GROWTH

Method: Czochralski
-control of shallow impurity levels (Na-Np =
5x10cm3)
-crystallography (Dislocation density <1000cm™2)

Crucibte: Carbon susceptor

-avoid possible reaction with SiO; crucible
2Be+Si0, —* 2Be0+Si

Atmosphere: Vacuum
-10-6-10-7 torr |
-H,0 inthe standard H, atmosphere can lead to
BeO precipitation
Be+H,0 — BeO+H,

XBL 832-8256



FREE HOLE CONCENTRATION (cri’)
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Ge:Be PHOTOCONDUCTOR EVALUATION

— INTEGRATING
CAVITY
EXTERNALLY
CHOPPED —
SIGNAL
™~~~ DETECTOR
NARROW BAND
FILTERING
BACKGROUND FLUX 1.5x108 PHOTONS/SEC
7.1x10" 13 w

BACKGROUND LIMITED NEP  1.15x10°16 w/VHz

FILTER COMPONENTS . 42 um FABRY-PEROT
Jmm LiF
5mm KBr
2 MONOLAYERS 5-10um DIAMOND DUST

FILTER CHARACTERISTICS A (PEAK)=42.8um
TRANSMISSION (PEAK)=13%

Q=85

T
= A\ =.93um
2 FWHM H ¥BL 832-8250
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FIGURES OF MERIT

RESPONSIVITY

R= Signal/Photon power
= eGy/hv
G =photoconductive gain
m = quantum efficiency

(7= 1assumed for al| our

results using an integrating
cavity)

hv = photon energy

- @ = charge of the electron
NOISE EQUIVALENT POWER

NEP = Noise/Responsivity
Background limited:

NEPBL = 2 \/PBackgroundhv
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Si:In Ge:Be

Ec
———————— ED
Ec
________ Ep
———————— Ein=.16eV :Jf
________ Ex=.llev
________ EB=.O45ev ________’Eae=.024ev
________ EB'A|:.OIOGV
Ey .
Ey

XBL 832-82%7

See:  Alexander D H, Baron R and Stafsudd O 1, IEEE Trans, Elec. Dev,

ED-27, No. 1, 71 (1980),
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RESPONSIVITY (A/W)
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CONCLUSIONS

Ge:Be detectors provide lower NEPs
and higher responsivities than state-
of-the-art Ge:Ga detectors at 42 um

Reliable Be doping has been achieved
with Czochralski growth from a
carbon susceptor under vacuum

The photoconductive behavior of
Ge:Be detectorsis strongly
influenced by the concentration of
residual shallow impurities

Optimization of Ge:Be detectors
requires both a low concentration
and precise compensation of shallow
acceptors




N9 5-70640

IR Detector Technology Workshop agsegzggdgﬂbﬁ:ilg"tgftf‘hi5 material
July 12-13, 1983 ] International Journal ofelnfrared
NASA Ames Research Center : and Millimeter Waves
. Sy =7
NEUTRON TRANSMUTAT|0N oy
DOPED Ge BOLOMETERS /32
/ ) D
oC 7f 76/0
1,2 .
E. Kreysa3
N.P. Palaiot2
P.L. Richards?2

M. Rodderi.24

Lawrence Berkeley Laboratory and
2University of California, Berkeley

sMax-Planck-Institute for
Radioastronomy, Bonn, FRG

sPresent address: Fairchild Camera
and Instrument Corp., 5an Rafael CA



SEMICONDUCTOR BOLOMETER MATERIAL

— Resistivity-temperature dependence is controlled by
dopant concentration and compensation

— Reproducible doping technique is required

— Optimum bolometer resistance:1- 20 at operating
temperature
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TRADITIONAL BOLOMETER MATERIAL

Melt doping during crystal growth

| |

Impurity segregation and growth instabilities

|

Microscopic dopant striations

|

Difficulty in selecting crystal portion with
optimum and uniform doping concentration

XBL 832-8253

6-3



NEUTRON TRANSMUTATION DOPED GERMANIUM

— lIrradiation of Ge with thermal neutrons

— Neutron captures and decays:

70 71 EC 71

74 75 B~ 75

76 77 B~ 77 T 77
32060 7) 326€ 11 3™ 3sAs gg gp 345

— Homogeneous impurity distribution reflects uniform
neutron flux and uniform isotopic distribution

— Reproducibility: NGa=¢07°GeN7°Ge
— Ultra-pure starting material

neutron doping levels ») residual impurities

XBL 832-8258
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SAMPLE PREPARATION

— Ultra-high purity Ge:|Na-Np|<101cm™

— Irradiation at Univ.of Missouri Research Reactor
(J. Meese)

— Six samples: 7 5x1016-1.88x1018n/cm?

— After six months: 750 Ga-Xrays/s cm3,~1 decay per
min.ina (.3mm)3 bolometer

— Radiation damage annealing: 400°C for 6 hours in

argon XBL 832-8255
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MATERIAL CHARACTERIZATION

— Low temperature Hall Effect and resistivity measure-—
ments using Van der Pauw geometry

Berkeley (300-4.2K)
Bonn,FRG (4.2-0.3K)

— Resistivity relationship: p=pg exp (A/T)
(Applies in the low temperature hopping
conduction regime T<8 K)

NTD Sample Pollcm) _A_(ﬂ
9x1015 430.0 4.9
2x1016  34.0 4.4
5x10% - 3.3 2.8
V8L 832-8252
6-7
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CONCLUSIONS

— NTD of high quality Ge single crystals
provides perfect control of doping
concentration and uniformity.

— The resistivity can be tailored to any
given bolometer operating temperature
down to 0.1 K and probably lower.

— The excellent uniformity is advantageous
for detector array development.
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The most straightforward way of reducing the noise equivalent power of
bolometers is to lower their operating temperature. Wwe have been exploring
the possibility of using conventionally constructed bolometers at ultra-low
temperatures to achieve NéP's suitable to the background environment of
cooled space telescopes. We have chosen the technique of adiabatic
demagnetization of a paramagnetic salt as a gravity independent, compact, and
low power way to achieve temperatures below pumped 3He (0.3K). The demagne-
tization cryostat we used was capable of reaching temperatures below 0.08K
using Chromium Potassium Alum as a salt from a starting temperature of 1.5k
and a starting magnetic field of 30,000 gauss. Computer control of the magnetic
field decay allowed a temperature of 0. 2K to be maintained to within 0.5mK
over a time period exceeding 14 hours. The refrigerator duty cycle was over
90% at this temperature.

The cryostat was used to evaluate potential bolometer materials for ultra-
low temperaure use. The greatest promise was obtained from a boule of Ge:Ga
with an axial concentration gradient that was purchased from Eagle-Picher.

The room temperature_resistivity of this material ranged from 0.05 to 0.07 #-cm.
The boule was sliced into disks of different resistivities and tested for its'
£ -T characteristics. Three of the slices yielded suitable material for

0.4, 0.2, and 0.1K bolometers. We have found that for this material the

relation: /O - (_,A/T‘/z

/CDO =
with/ao and A constants (Redfield, Phys. Rev. Lett., 30, 1319, 1973) agave the
best fit /O-T curves. -

Conventional bolometers were constructed out of thig material and tested
at 0.1 and O'2Kf In general, the bolometers behaved as theoretically
eéxpected, although electronic contributions to the system noise prevented
the achievement of the theoretically ultimate NEP's. In spite of this, the

7-2



lower temperature bolometer had a measured system electrical NEP of
-16 :
1.8 x 10 w /[ Hz at 10 Hz. The success of these tests has motivated
us to construct a more compact portable adiabatic demagnetization cryostat

capable of bolometer optical tests and use at the 5m Hale telescope at Imm.

wavelengths.
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Table Captions

Table 1:

Table 2;

Derived parameters of the bolometer material shown in Figqure 3.
The resistivity has been fit to the equation .0, @M .
Also shown is the optimum operating temperatures for bolometersg
made from these samples,

listed in this table includes the contributions from all sources,
including the Pre-amplifier and measuring instrument noises.



Sample

/30(11— cm)
.02

.03

.14

Table 1
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Table 2

Bolometey Electrical Performance

Sample A
Measured Parameters:

Cold Sink Temperature (OK) 0.092
Load Resistance (ML) 175
Bolometer Resistance (M) 1.7
Bias Current (na) 11.4
Electical Responsivity (v/w) 2.5xlo8
10 Hz Total Noise (nv//H%) 45
Electical NEP (WA(Tm) 1.8x10718
Calculateq Parameters;

G(w/%x) 2x1078
(/%K) » T 4.5x107 11
2= ¢/ (msec) : 2.3
Calculated Nojse:

Bolometer Johnson Noise (nv//HZ) 3
Thermal Fluctuation (nVASTZ) 24
Load Resistor Johnson Noise (nVv//HZ) 0.3
Total Calculated Noise (nv/{Hz): 24
Theoretical NEP From Thermal

Fluctuation Noige W/ HD) ; 9.7x10" 17

7-6

Sample B

0.18

34

38

6.3x10"

4x10”
1.1x10"

2.8

23

25

2.8x10"

16

8

10

16



Figure Captions

Figure

Figure

Figure

Figure

plot of background limited noise equivalent power from two € =0.1
telescopes at temperatures of 300K and 10K as a function of wave-
length. Also shown are estimated NEP's of four bolometers of
conventional construction operated at 1.2K, 0.3k, 0.1K, and 0.05K.
The spectral bandwidth was taken to he &X/X = 0.1 and the field
of view was assumed to bé diffraction limited.

Schematic diagram of the adiabatic demagnetization refrigerator
used to test bolometers.

Resistivity as a function of T_% for three samples of Ge:Ga
bolometer material.

Load curve of a bolometer operating at 0.18K. The quantities
plotted are the voltage across the bolometer (Vout) as a function
of bias voltage across the bolometer and a 35 M) load resistor

(V bias).
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Figure 4

Bolometer Load Curve
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' Design Considerations for 0. 1K Bolometers /43 32 /,/ 7

N9 3-8 64D
NC9799¢7

Bolometers operating at low temperatures (T < 0.3K) are the best

Harvey Moseley

candidate for far infrared (i 2 120 um) and submillimeter detection from cold
orbiting telescopes. The 1imits of sensitivity for such devices have been
studied (Mather, 1983). Based on this work, we conclude that excellent
sensitivity is possible given careful detector design.

We have designed and are fabricating bolometers for operation at low
temperatures. The crucial components 1n detector design are 1) heat capacity,
2) temperature sensing, and 3) absorption of infrared radiation. In this
presentation, we discuss the choice of materials and fabrication techniques we

have made in the interest of max imum sensitivity.

In order that optimization of detector per formance be reasonably easy to
carry out, we have attempted to use conventional fabrication techniques
wherever possible (photolithography, wire bonding). The use of such
procedures allows us to make design changes on short time scales, which is

essential in achieving optimal performance.

In the following pages, we discuss some of the design problems presented

by low temperature bolometers and indicate the so%gtions we have chosen.
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ADVANTAGES:

PRINCIPLE OF OPERATION:

PERFORMANCE :

PROJECTED SENSITIVITY:

BOLOMETERS AS LOW BACKGROUND
INFRARED DETECTORS

WIDE WAVELENGTH RANGE, INCLUDING X > 120 ¥m
STABLE IN NUCLEAR RADIATION ENVIRONMENT

RADIATION HEAT SENSOR, TEMP RISE MEASURED BY
THERMISTER. DETAILED NOISE THEORY GIVEN BY MATHER
1982.

DEVICES MADE USING THE TECHNIQUES I OUTLINE ARE SHOWN
TO HAVE NOISE EQUIVALENT POWERS (NEP's) IN AGREEMENT
WITH THEORY - MOSELEY & LAMB, 1983, LANGE et al.,
1983.

BASED ON MEASURED PROPERTIES OF THE CONSTITUENT
MATERIALS, WE PREDICT NEP < 2x10-17 W/Hz TO BE
ACHIEVABLE FOR 0.5x0.5 mm = DETECTOR AT O.1K WITH A
TIME CONSTANT 1 é 5 msec.
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REFRIGERATOR REQUIREMENTS

NEED LAUNCHABLE COOLER WHICH CAN COOL TO 100 mK WITH REASONABLE
DUTY CYCLE OPERATING A 2K HEAT SINK WITHOUT EXCESSIVE POWER
REQUIREMENTS,

SUCH A DEVICE HAS BEEN BUILT AT GSFC BY DR. STEVE CASTLES.
(100 mK FOR 90 MIN., 10 MIN. RECYCLE)

LABORATORY REFRIGERATOR HAS ALSO BEEN PROCURED AND IS NOW BEING
SET UP. (SHE DILUTION REFRIGERATOR)

8-4




LOW TEMPERATURE BOLOMETERS

TYPICAL DESIGN PARAMETERS

TEMPERATURE

SIZE

TIME CONST.

NEP

OPT

8-5

0. 1K NOMINAL

0.5x0.5 mm

5x1o'3 S

2x10~17 W/ /Hz



BOLOMETER SCHEMATIC

/Ion-Implanted Degenerate Contacts
Evaporated Aluminum Bonding Pad %

Ion-Impl anted Thermister

Thermal Links to
Heat Sink

~* Thin Intrinsic Si Substrate

—1t O

Superconducting Al Wedge Bonded Leads

Etched Si Thermal Links Z N

AN

8-6
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DESIGN CONSIDERATIONS

MINIMIZE HEAT CAPACITY
ACHIEVE ADEQUATE ABSORPTION OF IR RADIATION
GET DESIRED THERMAL CONDUCTANCE

FIND TEMP TRANSDUCER QUIET ENOUGH TO BE LIMITED

BY FUNDMENTAL NOISE PROCESSES (JOHNSON & PHONON )

DEVELO? —B>IAS AND AMPLIFIER CIRCUIT WHICH DOES NOT

DEGRADE SYSTEM NOISE

DEVELOP CRYOSTAT WHOSE TEMP FLUCTUATIONS DO NOT

DOMINATE NOISE OF BOLOMETER

8-7



HEAT CAPACITY CONSIDERATIONS

Si DESIRABLE BECAUSE OF LOW HEAT CAPACITY.

CONTACT AND THERMOMETER IMPLANTS HAVE HIGH HEAT CAPACITY -

MINIMIZE voL,

THERMAL LINK CAN DOMINATE HEAT CAPACITY: WE WILL

USE EITHER Si OR Al WELL BELOW SUPERCONDUCTING TRANSITION,

ABSORBING FIIM: WE ARE ATTEMPTING TO DEVELOP ALUMINUM
GRID TO ABSORB RADIATION - Low HEAT CAPACITY.

SUCCESSI;UL TESTS ON GOLD ABSORBING FILMS HAVE BEEN CARRIED ouT
(DRAGOVAN & MOSELEY, 1983).

SUBSTANTIAL PORTIONS TO BE NORMAL, THUS HAVE HIGH HEAT
CAPACITY. SHIELDING OF FIELDS DURING COOLDOWN IS
CRITICALLY IMPORTANT,



THERMAL CONDUCTANCE

o ALUMINUM LINKS - BELOW v 0.15K, Al IS DOMINATED BY PHONON

TRANSFER. CONDUCTION CAN BECOME LOW ENOUGH TO BE USEFUL.

o Si LINKS - CONDUCTION DEPENDENT ON MEAN FREE PATH. CAN

PROBABLY BE TAILORED WITHIN CERTAIN RANGES, BUT DIFFICULT

TO MAKE VERY LOW.

DESIRED G + 1x10 2 W/K .
FOR DESIGN BOLOMETER

ola
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TEMPERATURE SENSOR

ABSENCE OF "CURRENT NOISE" CRITICAL; SENSOR SHOULD BE LIMITED BY
JOHNSON NOISE.

d In R

HIGH a = ainT DESIRABLE

MATHER'S (1983) RESULT. NEP PROPORTIONAL TO /;—

DOPED Si & Ge ARE CONVENIENT THERMOMETERS, WITH ION IMPLANTED
CONTACTS, NOISE CAN BE NEAR THAT PREDICTED BY THEORY.

REFERENC_ES: MOSELEY & LAMB, 1983

LANGE et al., 1983
WEISS (priv. comm.)

DEVICE IMPEDANCES CAN BE SELECTED TO MATCH NOISE CHARACTERISTICS

OF AMPLIFIERS.
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AMPLIFIERS AND BIAS CIRCUITS

o JFET's CAN BE VERY GOOD - NOISE TEMPERATURE TN + 10 mK

R v 100 M@ BASED ON OUR MEASUREMENTS.
noise

o QUIET LOAD RESISTORS CAN BE MADE USING BOLOMETER

PROCESS IF NECESSARY.

o SINCE BOLOMETERS HAVE T > T AMPLIFIERS PRODUCE
nolse phys

NO PROBLEM FOR OPERATING TEMPERATURES NEAR 0.1K.
o RESONANCE EFFECTS WITH CAPACITORS CAN BE USED IF NECESSARY.
o MICROPHONICS REPRESENT PRACTICAL PROBLEMS BUT NO

FUNDAMENTAL DIFFICULTY. RECENT TESTS SHOW THAT MICROPHONICS CAN

BE SUFFICIENTLY SUPPRESSED.
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Frequency Response
for Various Biases

Equivalent Circuit

B
= 0/ ’
| S91le o ‘ “

Approx. Response without

Capacitor

% s ¢ 3

w0 1" 2

4
-

Resonant enhancement of bolometer signals using a shunting capacitor. As
predicted by Mather (1583), both amplitude and Q of enhancement are functions
of detector bias. Use of the capacitive resonance can be useful in improving
the performance of detectors in amplifier noise limited systems.
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CRYOSTAT TEMP FLUCTUATIONS

FOR FIXED t, Ga C
r = TIME CONST., G = THERMAL CONDUCTANCE, C = HEAT CAPACITY

IN A PROPERLY DESIGNED BOLOMETER Ca T3 + Ga T3

TEMPERATURE FLUCTUATIONS IN THE CRYOSTAT CAUSE BOLOMETER
FLUCTUATIONS. THESE CAN BE RELATED TO AN EQUIVALENT
POWER FLUCTUATION.

6P =G8 T a T 8T

HOWEVER, NEP o T°/2

THUS, AS T+ O THE TEMPERATURE FLUCTUATION POWER DECREASES FASTER
THAN DETECTOR NOISE, AND IS LESS IMPORTANT THAN AT HIGHER

TEMPERATURES.
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TYPICAL TEST PROCEDURE

O NOISE vs, FREQUENCY
o I,V PLOTS

0 Z(w) MEASUREMENTS (CAN BE RELATED TO THERMAL TIME CONST,

(MATHER, 1982))

0o INDEPENDENT INFRARED ABSORPTANCE MEASUREMENT - (TRANSMISSION

AND REFLECTION MEASUREMENTS ON SPECTROMETER )
© COMPARISON OF MEASURED PARAMETERS TO THEORY

EXCELLENT AGRERMENT HAS BEEN OBTAINED BETWEEN MEASUREMENT AND

8-14
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Second - Generation Amcid, Gate Side
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CONCEPTUAL DESIGN OF A MULTIPLEXED

Ge:Ga DETECTOR ARRAY

C. M. PARRY

AEROJET ELECTROSYSTEMS COMPANY
BOX 296

AZISA, CA. 91702
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LOW BACKGROUND IR DETECTOR AND DETECTOR ARRAY EVALUATIONS .
L33

J. H. Goebel, D. A. Jared, J. H. Lee, C. R. McCreight

M. E. McKelvey, and P. S. Stafford fVC;f{?j

NASA Ames Research Center N é é’ _ \?G %L; 42_ 57

Moffett Field, CA 94035

Introduction

A technology program has been underway at Ames since 1978 to
develop and evaluate detectors and integrated detector arrays for
low-background astronomical applications. The approach is to
evaluate existing -(<24 pm) array technology under low-background
conditions, with the aim of adapting and optimizing existing
devices. For longer wavelengths, where the technology is much
less mature, development is sponsored and devices are evaluated,
in both discrete and array formats, for eventual applications.
The status of this program has been reported previously.l’

We rely on industrial and university sources for the
detectors. Typically, after a brief functionality check in the
supplier's laboratory, we work with the device at Ames to
characterize its low-background performance. In the case of
promising arrays or detectors, we conduct ground-based telescope
testing to face the problems associated with real applications.

A 1ist of devices tested at Ames is given_ in Fig. 1. In the
array category, accumulation-mode charge-injection-devices (CIDs)
appear repeatedly; this reflects our recent experience with the 2
X 643 and 16 x 164 arrays. Results from the 1 x 16 C105 and InSb
cco® have been reported. The status of our tests of the discrete
Ge:x detectors from.Lawrence Berkeley Laboratory (LBL) are
described below. Tests of a 1 x 2 switched sample photoconductor
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'array7 are just beginning. A 32-channel CMOS multiplexer has been
_tested at 10 K.8 Low-temperature silicon MOSFETs9 and germanium
;JFETs10 have also been tested, primarily at Ball Aerospace.

7 This paper describes results to date on three elements of
this program: ciIpD arrays, discrete Ge:Ga detectors, and Ge JFET
preamplifiers,

2 x 64 Si:Bi CID Arrays

Three 2 x 64-element CID arrays were developed by Aerojet
ElectroSystems Company as a means of evaluating extrinsic silicon
detector technology under low-backgrounds.3 Fig. 2 shows the
Tayout of the array, which was packaged in a 32 mm-square
butterfly case. Two Tong transparent electrodes, with read gates
and an oxide Tayer on the opposite face of the Si:Bi substrate,
run vertically through the center of the figure. Four 74C154 CMOS
decoders, and a 74C193 counter, are mounted on the lTeft; these
provide the sequential read and store pulses to the 64 pairs of
detectors. In the upper right are the two 3N163 FETs and 40 Mn
Toad resistors, Resistors for thermometry and heating are also
included. ' _

A detailed view of the pixel is shown in Fig. 3. In laying
out the array, the two rows of pixels (175 pm Square on 220 um
centers) were separated by 250 um, so that one row could be
illuminated by sky, and the other by object-plus-sky. The two row
outputs can be read out separately, or differenced directly to
provide "front end" background subtraction.

Most of our testing on these arrays has actually been done at
a "moderate" background, which we estimate to be 4E7 ph/s (= 6E-13
W), to match conditions in the Lick Observatory cryogenic
spectrometer, in which observing runs were made in October 1982
and July 1983, Recently, by use of an attenuation filter, we have
obtained data in the ‘low-background range. This background is
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estimated at 3E5 ph/s (= 5E-15 W). [he optical system used 1n
earlier testing of the 1 x 16 CID was also used in these tests.

Our recent 2 x 64 results show both similarities to and
differences from the 1 x 16 array data summarized in Ref. 5. The
2 x 64 data were taken at moderate background, except where noted;
the similarities will be discussed first.

Our measurements of responsive quantum efficiency are all
consistent, and in the range of slightly below 0.20 to about 0.25.
This corresponds to a responsivity in the range 2.5 to 3.2 A/W.
Although some adjustments in read and store voltages and sampling
locations were necessary and we observed some variability from day
to day, these results are typical of good performance. Very
recently, we measured a low-background responsive quantum
efficiency of 0.20, which is consistent with earlier results.
Other characteristics which apply to both arrays are input
capacitance (4.3 pF measured 2 x 64 average vs. 3.8 pF in Ref. 5)
and 2 Hz low-background 3 dB-1imit to frequency response. An
array temperature in the range 11 + 2 K produced optimum
signal/noise results in all cases.

A number of differences in performance were also observed.
Fig. 4 shows the limit of mid-losyto 1 x 106 electrons for well
capacity, which we measured at both moderate and low backgrounds.
This is a factor of about 50 lower than one would predict on the
basis of the areal capacitance of SiO2 layers, and this
significant discrepency is not understood. Another difference is
that while the absolute difference between optimum 2 x 64 read and
store voltages (about 12 V) is comparable to the 1 x 16 difference
(about 9 V), the midpoint of the 2 x 64 voltage swing was
significantly displaced from ground., That is, we find an optimum
(Vstore’ Vread) pair of (+1'V, -11 V), compared to the previous
(+4 Vv, -5 V) setting. _

Other 2 x 64 parameters were different, in a positive sense,
We have regularly achieved read noise levels below 200 e rms in
the laboratory, and measured 157 e” rms (Fig. 5) while the analog
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system was mounted to the 120" telescope at Lick Observatory.

This result is a factor of four better than the 1 x 16 average,
the Tatter being Timited by the drive and sample/hold circuitry.
Furthermore, the 2 x 64's were much more uniform. Fig. 6, which
shows signal for each channel after offset correction, indicates
standard deviations about 10% of the average, vs. about 25% for
the 1 x 16. The latter result was high due to the large number of
inactive pixels in the sample array, and the tendency for
photoelectrons created in the "dead" sites to be swept into and
read out from the neighboring active pixels. Finally, it was
found that frequency response was significantly enhanced at
moderate backgrounds. Fig. 7 illustrates moderate-background
signal response at 30 Hz; our data show a 3 dB point at or greater
than 20 Hz at moderate background.

Based on our experience and incomplete results, the following
general assessment of Si:Bi CID technology is offered. While
significant and unexplained differences were found between the 1 x
16 and 2 x 64 arrays, the three 2 x 64 arrays are similar, It
seems that within the same generation of devices, at least, one
can assume common performance characteristics. The processing and
production technology is not yet highly developed, as evidenced by
the delayed deliveries and inactive pixel pairs which resulted on
our contract. (The three delijvered arrays had 2, 3, and 8 pairs
of inactive pixels.) Although we have not studied possible
trapping effects in sufficient detail, at a signal level of 3900
ph/integration at a 3ES§ ph/s background, we did not observe a
significant signal lag. The character of the moderate-background
signal response in Fig. 7 (i.e. two or three readouts to reach
full signal amplitude, with the first sample significantly above
the 50% level) applies to low-background conditions as well. This
character can be interpreted as being caused by dielectric
relaxation within the device.5 Note, however, that this picture
is not completely satisfactory, since we find that at moderate
background and extended (>1 s) integration times, the device takes
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many reads to reach full signal amplitude. Also, we do not have
good dark current data yet, but can report that, viewing the cold
shutter, the array could integrate for >30 s without coming close
to saturation. A final comment is that we have no data on CID
response in a radiation environment; this would clearly be
critical in an orbital application.

In summary, many aspects of CID performance appear promising
for low-background applications. With a 20% responsive quantum
efficiency and 200 rms e~ of read noise, one calculates a 1.8E-17
W/ YAz NEP in 1 s of integratioﬁ t{me, indicating a very good
inherent sensitivity. Low-background radiation and trapping
effects are among the key CID characteristics which we have not
yet established.

16x16 Si:Bi CID array

This array4 is a contiguous subarray of a 32x32 chip with all
256 pixels active. While its row electrodes have been connected
with metallized traces, the read gates in the columns have been
stitched together with a gold ball bonder (Fig. 8). This approach
improved production yield and probably array uniformity as well.
Two CMOS scanner chips address the columns with a maximum frame
rate of about 1 kHz, and each row is read out by a 3N163 MOSFET.

The array has been evaluated under low backgrounds in the
same test setup described in detail in Ref. 5. Testing was
performed at a variety of temperatures, and 10 to 11 K was found
to be an optimum temperature range. Blackbody radiation was
filtered by an 11,0 + 0.03 pm narrow bandpass filter and neutral
density filters. Table 1 shows the average performance parameters
across the array. Fig. 9a shows a sample row readout (row 7) with
the blackbody illumination on and off. Fig. 9b shows temporal
response of a single pixel to chopped external blackbody
radiation. The blackbody signal is about 6E6 ph/s and the chopper
blade signal is about 2E5 ph/s.
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Typical noisevlevels achieved are.pfesehtly in the 600
electron/readout range. This noise is higher than that for the
2x64 arrays reported above; we find the 16 x 16 drive electronics
are limiting, and are currently constructing an improved version,

Note a significant response lag is not’present in this array
at these backgrounds to the extent reported in other CID arrays.
However, there is an interesting asymmetry in the amount of
response lag upon increasing and decreasing illumination. There
is less lag present when flux is decreased (up on the oscillograms
in Fig. 9b) than when flux is increased. : :

Fig. 10 gives the output of a typical row (Row 8). The
avérage responsivity is 4 A/W, corresponding to an average
responsive quantum efficiency of 27%. The Variation is about 10%
of the mean. The wel] capacity of ~3E5 electrons is lower than
expected on the basis of device electrode capcitance, and limits
the array's applicability in moderate- and h1gh-background
experiments, . ST

At moderate backgrounds we have found the
characteristics to remain nearly unchanged, - At these backgrounds
one is driven to the fastest readout rates, which can lead to
extra noise due to clocking problems. But the quoted wel]
capacity, quantum efficency, and uniformity numbers apply from
photon rates of 1E5 to 1E10 per second, Sei

To aquire data from large arrays 6f'thi§'type, it is

i

device's

essential to have a computer-based automatic ‘'data acquisition
system. We have designed and constructed such a system based upon
an industry standard MULTIBUS architectur‘e.11 The system is JTow
cost, compact and portable, Fig. 11 shows its architecture, The
interesting features are the use of commercial 12-bit, 125 kHz A/D
16k RAM dual-port data acquisition boards, and co-processor
boards, which do rea]-time_digita1 signal integration. This
allows the CPU to be more productively‘gmployed during data
acquisition. Two 1.2 Mbyte floppy discs and a high-resolution
color graphics monitor provide the storage and display functions,

1
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This system is mofe susceptible to noise than desired, and we
cannot go below 600 e read noise without major modifications.

The second version of the data system is shown 1in Fig. 12.
It retains the co-processor concept to reduce data storage
requirements through real time signal averaging, but relocates the
A/D and co-processor boards in the array drive electronics box,
and does not connect them to the MULTIBUS. This architecture
significantly reduces the complexity of the electronic
exerciser/computer interface, and improves interference and
clock-pickup immunity. Of all interference problems, synchronous
clock pickup is the most serijous. It cannot be reduced by
averaging or subtracting frames, but can be avoided by careful
shielding and grounding design.

With the first version of the data system, we have been able
to take images of a 250 pm spot. The pixels are approximately 165
um center-to-center, so the reimaged spot is predominately in one
display pixel with some small amount in each of the surrounding
pixels. There is very little response beyond the adjacent pixels
in a given row, indicating low crosstalk between columns. Between
rows, however, significant crosstalk is seen. A sample of the
monitor output is shown in Fig. 13. The system's portability and
durability have been tested in the field, where successful
operation has been demonstrated.

Ge:Ga and Ge:Be Testing

An apparatus has been constructed at Ames for the evaluation
of long-wavelength infrared detectors, and sample extrinsic
germanium photoconductors have been tested. Preliminary
responsivity and noise-equ1§a1ent power (NEP) results show good
agreement with evaluations of the same detectors by N. Haegel at
LBL. .

The test system is built within an extra-long Infrared
Laboratories HD-3(8) dewar. Included in the assembly are a low



temperature (5 - 150 K) internal radiation source and a
galvanometer-type chopper as well as provision for the use of
radiation sources external to the dewar. Modulation frequencies
with the internal chopper are variable from 0.1 to about 70 Hz
with various waveforms.

Gallium- and beryl1ium-doped germanium photoconductors have
been provided by Dr. E. Haller of LBL. The gallium-doped
detectors (gallium concentration = 2E14 cm'3) have shown a best
NEP at zilch background of about 6E-17 W//Hz. Responsivity at the
best NEP is 5 A/W, with responsivities up to 30 A/W achievable
before breakdown. These responsivity numbers are in agreement
with LBL results to within 10 - 20%. Fig. 14 is a typical plot of
response and NEP vs. bias field.

The strong dependence of responsivity on detector temperature
observed at LBL12 for the beryllium-doped detectors ( Be
concentration = 1E15 cm'3) has also been seen in our Taboratory.
Ge:Be signal response decreases by 70% and noise by 90% as
detector temperature is reduced from 4.2 K to 3.6 K. The best NEP
(see Fig. 15) is about 2E-16 W/VHz, measured at 3.8 K and
negligible background.

The test system is ultimately slated for the evaluation of
prototype Ge:Ga photoconductor arrays currently under study.

Ge JFET Testing

The germanium JFET represents a dormant semicondqctor
technology which was supplanted by silicon technology nearly two
decades ago. For Cryogenic applications it has lTong been known
that cooled Ge JFETs behave quite well at high frequencies,
particularly for nuclear particle detectors. At low electronic
frequencies where IR photoconductors operate, little work has been
done, Together with R. Arentz and D. Strecker of Ball Aerospace,
we have evaluated their applicability to the source follower and
TIA configuration using 20-year-old Texas Instruments Model XM12
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Ge JFETs.10 Table 2 presents:our qualitative assessment of the
devices which were tested at'~1.8K. When cooled, the thermalized
gate channel leakage current vanishes, and the diode is well
behaved with a broad reverse-bias flat-band region. Fig. 16 shows
the transconductance curves at room and pumped liquid helium
temperatures. The transconductance increases at cryogenic
temperatures, and Fig. 17 shows that the source follower gain can
be tuned to near unity at 1.8 K, where the input capacitance is
near 4 pF.

The noise behavior is of critical importance in the TIA
application., Fig. 18 shows that Johnson-noise-limited performance
can be achieved with a 1E10 2 feedback resistor between 1 and
1000 Hz when the pair of Ge JFETs are operated at 4K with about
100 puW of dissipated power. Fig. 19 indicates that the TIXM12's
have noise performance in the source-follower mode that is a)
superior to that of the ZK-111 MOSFET at 4K and b) comparable at
frequencies above 10 Hz to a J230 Si JFET self-heated to 80K in a
4K enclosure,

The potential applications of Ge JFETs, with their good noise
performance, are in hybrid and monolithié focal planes of
long-wavelength doped germanium, or in other single-temperature
focal planes. Renewed development efforts on this type of device
are clearly desirable,
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TABLEZ 1

16 x 16 Si:Bi CID Array Performance
Measurements at Ames

N = 11 ym at low (about 1E6 ph/s) background

Responsive quantum efficiency ~0.25

Well capacity ~3E5 electrons

Read noise <600 electrons
Responsivity (17 um) ~4 A/M

NEP | <1E-16 W/Hz or BLIP
Uniformity af responsivity 10%
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Figure Captions

Fig. 1 Devices Tested at Ames

Fig. 2 2 x 64 element Si:Bi CID array assembly mounted in
butterfly case

Fig. 3 Close-up of 2 x 64 array, showing pixel geometry and
scanner chips

Fig. 4 Well capacity measurement for 2 X 64 CID array
Fig. 5 Noise spectrum for 2 x 64 CID array

‘Fig. 6 Uniformity of responsivity of 2 x 64 array

Fig. 7 2 xAg4 response to 30 Hz ehopped blackbody signal

Fig. 8 16 x 16 element Si:Bi CID array. To the left are
74C193 and 74C154 CMOS scanner chips

Fig. 9 a) Full frame, and b) single pixel readouts from 16
x 16 array

Fig. 10 Uniformity in responsivity of 16 x 16 array
Fig. 11 180-based microcomputer data acquisition system
Fig. 12 Improved version of data acquisition system

Fig. 13 Images of 250 pm spot obtained with data acquisition
system. Clockwise from upper left are shown:
image of spot after background was subtracted;
image before subracting background (note elevated
fixed-pattern noise); image of weak source in
presence of strong background; and display of
random noise. Note that each output has been
separately scaled.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

14

15

16

17

18

19

Ge:Ga responsivity ar  NEP as functions of bias at
3.0 K

Ge :Be responsivity and NEP as functions of bias at
3.8 K

TIXM12 I-V curves

TIXM12 gain and input capacitance as a function of
gate-to-drain voltage

TIXM12 noise spectral density curves

Noise characteristics for various FETs in
grounded-gate, source-follower configurations
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WELL CAPACITY MEASUREMENT
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Figure 4
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Figure 5
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